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SF162 is a primary (PR), non-syncytium-inducing, macrophagetropic human immunodeficiency virus type 1
(HIV-1) clade B isolate which is resistant to antibody-mediated neutralization. Deletion of the first or second
hypervariable envelope gp120 region (V1 or V2 loop, respectively) of this virus does not abrogate its ability
to replicate in peripheral blood mononuclear cells and primary macrophages, nor does it alter its coreceptor
usage profile. The mutant virus with the V1 loop deletion, SF162DV1, remains as resistant to antibody-mediat-
ed neutralization as the wild-type virus SF162. In contrast, the mutant virus with the V2 loop deletion, SF162DV2,
exhibits enhanced susceptibility to neutralization by certain monoclonal antibodies whose epitopes are located
within the CD4-binding site and conserved regions of gp120. More importantly, SF162DV2 is now up to 170-
fold more susceptible to neutralization than SF162 by sera collected from patients infected with clade B HIV-1
isolates. In addition, it becomes susceptible to neutralization by sera collected from patients infected with clade
A, C, D, E, and F HIV-1 isolates. These findings suggest that the V2, but not the V1, loop of SF162 shields an
as yet unidentified region of the HIV envelope rich in neutralization epitopes and that the overall structure of
this region appears to be conserved among clade B, C, D, E, and F HIV-1 PR isolates.

Several studies have reported on the differential susceptibil-
ity to antibody-mediated neutralization between primary (PR)
and laboratory-adapted (LA) human immunodeficiency virus
type 1 (HIV-1) isolates (1, 2, 6, 23, 24, 32, 39, 40, 45), the latter
being more susceptible than the former to neutralization. To a
large extent, this difference is explained by a documented dif-
ferential exposure of neutralization epitopes within oligomeric
envelope structures of PR and LA isolates. Such epitopes are
less exposed on PR isolates than LA isolates (1, 24, 36, 40).
The identification of the regions that shield neutralization epi-
topes and the nature of the neutralization epitopes themselves
on PR isolates should shed light on the mechanism(s) by which
HIV evades neutralization by serum antibodies and greatly
benefit the design of effective HIV envelope-based immuno-
gens.

It has been reported that simultaneous deletion of the V1
and V2 loops of the neutralization-sensitive LA isolate HIV-
1IIIb increases even further its susceptibility to neutralization
by certain monoclonal antibodies (MAbs) whose epitopes are
located within the V3 loop, the CD4-binding site, and con-
served gp120 regions (3). We previously reported that the in-
dividual deletion of the V1 (17 amino acids) and V2 (30 amino
acids) loops of the PR, neutralization-resistant HIV-1 isolate
SF162 (7, 35, 39) does not reduce the potential of the virus to
replicate in peripheral blood mononuclear cells (PBMC) or
alter the coreceptor function of the envelope protein (38). Im-
munochemical analysis of the two mutant envelopes revealed
that the deleted V1 and V2 loop sequences differentially affect
the exposure and conformation of specific gp120 epitopes. While

deletion of the V2 loop affects the structure of certain complex
epitopes which comprise elements of the CD4-binding site,
deletion of the V1 loop alters the conformation and exposure
of specific epitopes located in the V2 and V3 loops and the
CD4-binding site. However, regardless of these specific struc-
tural changes, neither deletion alters the overall ability of the
envelope to interact with CD4 or its ability to undergo confor-
mational changes upon receptor binding (38).

In this study, we examined whether individual partial dele-
tion of the V1 or V2 loop exposes cryptic neutralization epi-
topes on the surface of SF162 virions. We show that the V2, but
not the V1, loop deletion renders the virus, termed SF162DV2,
highly susceptible to serum-mediated neutralization. Most im-
portantly, SF162DV2 becomes neutralizable by sera obtained
from patients infected not only with clade B HIV-1 isolates but
also with clade A, C, D, E, and F HIV-1 isolates. The intro-
duced V2 loop deletion does not destabilize the gp120-gp41
subunit association, and the virus remains as resistant to anti-
body-mediated gp120-virion dissociation as wild-type (wt) SF162.
Based on these observations, we suggest that this particular V2
loop deletion unveils an envelope region rich in neutralization
epitopes whose overall structure is conserved among PR iso-
lates. Neutralization studies conducted with various anti-gp120
MAbs failed to identify the precise epitopes forming this re-
gion, but it appears that it comprises structural elements of the
CD4-binding site and conserved regions of gp120.

MATERIALS AND METHODS

MAbs, sera, and cells. The human anti-CD4-binding site MAb 654-30D, the
anti-V3 loop human MAbs 391-95D and 257D, and the human anti-V2 loop
MAb 697-30D were provided by S. Zolla-Pazner. Their epitope specificity was
previously reported (12, 13, 20, 34). The murine anti-V2 loop MAbs G3.4 and
G3.136 were provided by Tanox, and their epitopes were determined previously
(11). The human MAb IgG1b12 was obtained from D. Burton (2, 27); the human
MAbs 17b and 48D were provided by J. Robinson. The human immunoglobulin
G-CD4 chimera (5) was generously provided by Genentech. Clade B (GS, GSO,
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5223, DT, GS25, B, LSS, and LS-BO), clade C (93BU003 and QRS 1638), clade
A (93RW035 and 2743M), clade E (93TH072), and clade D (94UG117 and QRS
1523) sera were obtained from D. D. Ho, Y. Cao, and J. A. Levy and through the
AIDS Research and Reference Reagent, Division of AIDS, National Institute of
Allergy and Infectious Diseases, National Institutes of Health. The HIV-1
non-clade B plasma panel was contributed by the UNAIDS Network for HIV
Isolation and Characterization, courtesy of Harvey Holmes.

PBMC were isolated from blood by Ficoll-Hypaque gradient centrifugation (6,
7) and were stimulated for 3 days with phytohemagglutinin (PHA; 3 mg/ml) prior
to infection. Monocyte-derived macrophages were prepared by the plastic ad-
herence method as previously described (8).

Generation of HIV-1SF162 mutant gp120 envelope molecules and viruses. The
isolation and phenotypic characterization of the infectious molecular clone of
SF162 was reported previously (7). Generation of the SF162DV1 mutant enve-
lope, containing a 17-amino-acid deletion within the V1 loop (comprising amino
acids K134 to K150), and of the SF162DV2 mutant envelope, containing a
30-amino-acid deletion within the V2 loop (from T160 to Y189), and replace-
ment of the deleted sequences by the Gly-Ala-Gly tripeptide (Fig. 1) are de-
scribed elsewhere (38).

Infectious viruses were generated as described previously (7). Briefly equal
amounts of the 59 and 39 portions of the viral genome were transfected in human
293-T cells by the calcium phosphate method. The supernatants were collected
72 h later and used to inoculate PHA-stimulated PBMC. Viral production was
monitored by quantitating the p24 antigen concentration in the cell supernatant.
At the peak of virus production, the supernatants were collected, aliquoted, and
stored at 280°C. The 50% tissue culture infective dose (TCID50) of each stock
was determined in parallel for all three viruses in PBMC.

Viral replication potential and tropism. To assess virus replication, 10 TCID50
of each virus was added to 2 3 106 PBMC or 1.5 3 105 macrophages for 3 h at
37°C and then removed by aspiration and cell washing. Viral replication was
monitored every 3 to 4 days by quantitating the p24 antigen concentration in the
culture supernatant.

Neutralization studies. (i) Serum neutralization. Neutralization experiments
were performed in 96-well plates as previously described (6, 39). Sera from
HIV-infected individuals were first heat inactivated (56°C, 30 min). Serially
diluted sera (50 ml) were incubated in triplicate wells with 100 TCID50 of each
isolate (50 ml) for 1 h at 37°C and then added to 100 ml of 4 3 106 PBMC/ml.
Following an 18-h incubation at 37°C, the cells were washed three times with
medium to remove residual serum anti-p24 antibodies and p24 antigens (4, 22,
43).

(ii) MAb neutralization. The experiments were performed as described above
except that the MAbs were present throughout the entire period of virus-cell
incubation. The MAb concentrations indicated in the text refer to those present
during the virus-MAb preincubation period.

In both serum and MAb neutralization experiments, the concentration of p24
antigen in the cell supernatant from each well was determined at the peak of viral
replication of the control (monitored in parallel for each virus). The percent
neutralization for a particular serum or MAb dilution was determined as (con-
trol 2 experimental/control) 3 100, where control stands for the p24 antigen
concentration in the absence of MAb or serum (0% neutralization) and exper-
imental is the p24 concentration in wells where virus and cells were incubated in

the presence of MAbs or serum. A neutralization curve is generated by plotting
the percent neutralization versus the MAb concentration or serum dilution. The
MAb concentrations and serum dilutions that result in 90 and 50% neutralization
of infection are determined from this curve.

Antibody-mediated gp120-virion dissociation. The binding of serum antibod-
ies to virions and antibody-mediated gp120-virion dissociation were determined
as previously reported, using enzyme-linked immunosorbent assays (ELISA) (36,
39). Briefly, to remove virions present in these sera which may lead to erroneous
results in our assays, sera are first subjected to centrifugation under conditions
that result in virion pelleting (12,500 3 g, 2 h at 4°C). The supernatant from this
centrifugation is then serially diluted and incubated with sucrose-purified SF162
and SF162DV2 virions (36, 44) for 3 h at 37°C. The virions, and the antibodies
bound to them, are pelleted by centrifugation as above. Non-virion-associated
gp120-antibody complexes that may have dissociated from the virion surface
remain in the supernatant. The virion-associated gp120 molecules (present in the
viral pellet) are captured onto wells (96-well plates) precoated with sheep poly-
clonal sera (D6205; International Enzymes) directed against the carboxy-termi-
nal 15 amino acids of gp120. The relative quantity of serum antibodies bound to
these gp120 molecules is determined following the addition of goat anti-human
antibodies coupled to alkaline phosphatase (Zymed), by recording the optical
density at 490 nm (OD490) (36, 37, 39). In parallel, the supernatant of the viral
pellet, which may contain gp120 molecules that became dissociated from the
virion surface upon antibody binding, are added to separate D6205-coated wells.
The amount of serum antibodies bound to such gp120 molecules is determined
as described above. The sum of the OD490 signals recorded from the pellet and
the supernatant represents the total amount of serum antibodies bound to virions
during the 3-h incubation period of viruses with anti-HIV sera. By dividing the
OD490 signal recorded from the supernatant by the sum of the OD490 signals of
the pellet and supernatant, we determine the percentage of gp120 molecules that
became dissociated from the virion surface upon antibody binding. Spontaneous
gp120-virion dissociation, i.e., in the absence of antibody-virion binding, is also
quantified by incubating virions in the absence of anti-HIV sera for 3 h at 37°C
and quantitating (as described above) the proportion of gp120 molecules that
become dissociated from the viral surface during this period.

The sera used in our studies were collected from HIV-infected individuals and
thus may already have contained soluble gp120-antibody complexes. These com-
plexes can also be captured to D6205-coated wells and thus contribute to the
OD490 signal recorded in our ELISA. To control for such an eventuality, serially
diluted sera were directly added to D6205-coated wells. For each serum dilution,
the OD490 signal recorded in this way was subtracted from the OD490 signal
obtained from wells containing the supernatant of the virion pellet.

RESULTS

Deletion of the V1 or V2 loop of the SF162 envelope does not
affect envelope function of the mutant viruses. The amino acid
sequence of the V1-V2 region of each of the three isolates is
shown in Fig. 1. The functionality of the mutated envelopes
was evaluated by comparing the replicative potential of mu-

FIG. 1. Amino acid sequences of the V1 and V2 loops of the wt SF162 and two mutant virus envelopes. Seventeen amino acids (134K to 150K) were removed in
the case of SF162DV1, and 30 amino acids (160T to 189Y) were removed in the case of SF162DV2. Deleted sequences were replaced by the GAG tripeptide (boxed).
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tants SF162DV1 and SF162DV2 to that of the wt virus, SF162.
Both mutant viruses replicate to similar high titers and with
similar replication kinetics as SF162 in PBMC (38) (Fig. 2A),
indicating that the introduced deletions do not affect the po-

tential of the envelope to mediate virus-PBMC entry. The two
deletion mutants also replicated in macrophages, but more
slowly and to lower titers than SF162 (Fig. 2B).

Deletion of the V2, but not the V1, loop renders the virus
more susceptible to neutralization by MAbs directed against
conserved CD4-binding site epitopes. It has been reported that
the simultaneous deletion of the V1 and V2 loops of the
neutralization-sensitive LA isolate HIV-1 IIIb increases its sus-
ceptibility to neutralization by anti-V3 loop and anti-CD4-
binding-site MAbs (3). It was of interest, therefore, to de-
termine whether deletion of the V1 or V2 loop of a PR,
neutralization-resistant HIV-1 isolate also alters its suscepti-
bility to neutralization by similar MAbs. We observed that
SF162DV1 displayed the same pattern of MAb-mediated neu-
tralization susceptibility as SF162 (Table 1). That is, it was
highly susceptible to neutralization by MAbs IgGCD4 and
IgG1b12 and resistant to neutralization by the anti-V3 loop
MAbs 391-95D and 257D, the anti-V2 loop MAbs G3.4,
G3.136, and 697-30D, the CD4-induced MAbs 17b and 48d,
and the anti-CD4-binding-site MAb 654-30D. In contrast, the
SF162DV2 isolate was highly susceptible to neutralization by
MAb 654-30D (90% neutralization at 5 mg/ml) and to a lesser
extent, susceptible to neutralization by MAbs 17b and 48d
(50% neutralization at 7 and 10 mg/ml, respectively). At the
same time, SF162DV2 became less susceptible than SF162 to
neutralization by MAb IgG1b12, most likely because this MAb
recognizes a complex epitope comprising structural elements
of the CD4-binding site and of the V2 loop (9, 21), and dele-
tion of the V2 loop decreases the binding of this MAb to the
virion surface (38). SF162DV2 remained resistant to neutral-
ization by both anti-V3 loop MAbs tested. All three isolates
were similarly susceptible to neutralization by several anti-gp41
MAbs tested (data not shown).

SF162DV2 is highly susceptible to neutralization by poly-
clonal clade B antisera. Since a modest increase in neutraliza-
tion susceptibility by anti-CD4-binding-site and anti-CD4-
induced MAbs is observed upon V2 loop deletion, we next
examined whether the SF162DV2 virus is also more susceptible
to neutralization by polyclonal anti-HIV sera. Sera obtained
from seven individuals infected with clade B HIV-1 isolates
were tested. Sera LSS and LS-BO were obtained from patients
classified as long-term nonprogressors, and the remaining sera
were from patients at various stages of infection (4, 6). Sera
GJ, GSO, DT, 5223, and GS25 were collected early during the
AIDS epidemic (in the mid-1980s), while LSS and LS-BO were
collected later (in the early 1990s). Regardless of the time of

FIG. 2. Replication in PBMC and macrophages. PHA-stimulated PBMC (A)
and macrophages (B) were inoculated with 10 TCID50 of SF162 (F), SF162DV1
(Œ), or SF162DV2 (■). The inoculum was removed 3 h later. Viral replication
was followed over time by measuring the p24 concentration in the culture
medium at the indicated days postinfection. Data represent the mean and stan-
dard deviation from three infections.

TABLE 1. Neutralization by anti-gp120 MAbs

MAb (highest concn
[mg/ml] tested) Epitope

MAb concn (mg/ml)a

SF162 SF162DV1 SF162DV2

90% 50% 90% 50% 90% 50%

391-95D (10) V3 loop — — — — — —
257D (10) V3 loop — — — — — —
G3.4 (20) V2 loop — — — — — —
G3.136 (20) V2 loop — — — — — —
697-30D (20) V2 loop — — — — — —
IgGCD4 (20) CD4-binding site 5 (2) 0.5 (0.3) 5 (2) 0.25 (0.2) 4 (2) 0.1 (0.05)
654.30D (10) CD4-binding site — — — — 5 (1) 1.5 (1)
IgG1b12 (20) Complex 1 (0.7) 0.1 (0.05) 2 (1) 0.1 (0.05) — 10 (5)
17b (20) Conserved — — — — — 7 (4)
48d (20) Conserved — — — — — 10 (3)

a Mean concentration required to inhibit by 90 or 50% the infection of PBMC by the three viruses. Values in parentheses represent the standard deviation from three
to five independent neutralization experiments. —, neutralization not observed with highest MAb concentration used.
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collection and the state of the disease of the patient, we found
that SF162DV2 was significantly (up to 170-fold) more suscep-
tible to neutralization than SF162 by all seven sera tested
(Table 2). Similar results were obtained when neutralization
experiments were performed with 300 instead of 100 TCID50
of SF162DV2 (data not shown). Furthermore, the difference in
neutralization susceptibility between SF162 and SF162DV2
was the same when determined at 7, 10, or 15 days postinfec-
tion. In contrast, SF162DV1 was moderately more susceptible
to neutralization than SF162 by sera GS25 and GJ but was
comparable to SF162 in neutralization sensitivity by the re-
maining sera.

SF162DV2 is also highly susceptible to cross-clade neutral-
ization. To assess the breadth of neutralization sensitivity of
SF162DV2, we compared its susceptibility to neutralization by
sera obtained from individuals infected with clade A, C, D, E,
and F HIV-1 isolates with that of SF162 (Table 3). As expect-
ed, the wt virus SF162 is resistant to neutralization by these
sera (90% neutralization was not achieved at the lowest serum
dilution, 1:50, tested). In contrast, the introduced V2 loop de-
letion renders the virus highly susceptible to neutralization by
all non-clade B sera tested. Thus, 90% neutralization can now
be achieved at serum dilutions of between 1:100 and 1:1,000.

The increase in neutralization susceptibility of SF162DV2 is
not due to a destabilization of the gp120-gp41 association. A

major mechanism for neutralization of LA strains is the induc-
tion of gp120 shedding as a result of antibody binding (26).
Structural perturbation of the envelope by the V2 loop intro-
duced might affect the stability of the gp120-gp41 association.
To determine whether this mechanism is responsible for the
increase in sensitivity to serum neutralization of SF162DV2, we
compared the degree to which gp120 molecules become dis-
sociated from the surface of SF162 and SF162DV2 virions up-
on virus-serum incubation. For these experiments we used two
sera, GJ and LS-BO, which neutralize SF162DV2 very effi-
ciently (Table 2). We found that in the absence of anti-HIV
sera, only a small fraction (approximately 5%) of virion-asso-
ciated gp120 molecules become spontaneously dissociated from
the virion surface of SF162 and SF162DV2 (Table 4). Incuba-
tion of these two viruses with anti-HIV sera results in a modest
increase in gp120-virion dissociation. No difference, however,
in the degree of antibody-mediated gp120-virion dissociation
was observed between SF162 and SF162DV2.

DISCUSSION

HIV-1 PR isolates resist, while LA isolates are susceptible
to, neutralization by serum antibodies and MAbs (6, 10, 15, 23,
24, 32, 39, 40, 45). This difference in neutralization suscepti-
bility between PR and LA isolates is due largely to a more
efficient concealment of neutralization epitopes on the surface
of PR isolates than on LA isolates and the instability of the
gp120-gp41 association of LA envelope proteins (1, 24, 26, 40).
Identification of the envelope region(s) that shield neutraliza-
tion epitopes on PR isolates and protect them from in vitro and
in vivo antibody-mediated neutralization, as well as the iden-
tification of the concealed epitopes themselves, will provide
important information regarding the mechanisms by which PR
HIV-1 isolates escape neutralization by serum antibodies and
may assist in the development of more effective envelope-
based anti-HIV strategies.

Previous studies conducted with the LA isolate HIV-1IIIb
have shown that deletion of the variable loops from gp120 re-
sults in exposure of previously hidden epitopes (46, 47). Some
of these epitopes are neutralization epitopes, since the simul-
taneous deletion of the V1 and V2 loops increases three- to
fivefold the susceptibility of this virus to neutralization by cer-
tain MAbs that bind to the V3 loop, the CD4-binding site, and
conserved gp120 regions (3). In this study, we examined wheth-
er neutralization epitopes can also be exposed by introducing
individual partial deletions in the V1 and V2 loops of SF162, a
neutralization-resistant, PR clade B HIV-1 isolate (6).

TABLE 2. Neutralization by clade B HIV-positive sera

Serum
Titera

Fold
increaseb

SF162 SF162DV1 SF162DV2

GJ 100 700 5,000 50
DT 100 100 1,000 10
5223 200 216 1,222 6
GS0 50 75 4,750 95
GS25 233 666 2,000 8.5
LSS 50 NDc 2,222 45
LS-BO 100 ND 17,000 170

a Reciprocal of serum dilution that resulted in 90% inhibition of PBMC
infection. Neutralization experiments were performed as described in Materials
and Methods. The lowest serum dilution tested was 1:50, and the highest was
1:40,000.

b Increase in neutralization susceptibility by the partial deletion of the V2 loop
at 90% neutralization.

c ND, not determined.

TABLE 3. Neutralization by non-clade B HIV-positive sera

Serum
(clade)

Titera

SF162, 50%
SF162DV2

90% 50%

93RW035 (A) 100 100 333
2743M (A) 66 1,000 5,000
91BU003 (C) 50 100 1,000
QRS1638 (C) —b 100 500
94UG117 (D) — 100 1,500
QRS1523 (D) 50 100 222
93TH072 (E) 100 100 500
93BR029 (F) 142 500 5,000

a Reciprocal of serum dilution that resulted in 90 and 50% inhibition of PBMC
infection. Neutralization experiments were performed as described in Materials
and Methods. The lowest serum dilution tested was 1:50, and the highest was
1:40,000. For SF162, 90% neutralization was not observed at the lowest dilution
used for all sera.

b —, neutralization not achieved at the lowest serum dilution used.

TABLE 4. Stability of the gp120-gp41 association

Serum
dilution

% Dissociationa

GJ LS-BO

SF162 SF162DV2 SF162 SF162DV2

500 10 (5) 8 (2) 13 (3) 10 (3)
1,000 4 (2) 5 (3) 7 (3) 5 (3)
5,000 4 (3) 4 (3) 5 (2) 4 (3)

10,000 5 (3) 3 (3) 5 (3) 4 (3)
50,000 4 (3) 3 (3) 3 (3) 2 (2)
No serum 5 (3)b 4 (2)b

a Percentage of gp120 that became dissociated from the virion surface upon
incubation of virions with serially diluted sera for 3 h at 37°C, as described in
Materials and Methods. Values in parentheses represent the standard deviation
from three experiments.

b Spontaneous gp120-virion dissociation, i.e., in the absence of anti-HIV se-
rum, during the 3-h incubation of virions at 37°C.
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Our neutralization studies with anti-gp120 MAbs indicate
that V2 loop deletion of SF162 resulted in a modest increase in
susceptibility to neutralization by MAbs 17b and 48d of the mu-
tant virus (Table 1). These two MAbs recognize epitopes that
are CD4 induced and are located within conserved gp120 re-
gions (42). In addition, SF162DV2 became susceptible to neu-
tralization by the anti-CD4-binding site MAb 654-30D. How-
ever, contrary to what was reported for HIV-1IIIb, SF162DV2
remained resistant to neutralization by the anti-V3 loop MAbs
tested (Table 1). Interestingly, as mentioned above, the simul-
taneous deletion of the V1 and V2 loops from HIV-1IIIb ren-
ders this neutralization-sensitive LA virus even more suscepti-
ble to neutralization by MAb 17b, by certain anti-CD4-binding-
site MAbs, and by certain anti-V3 loop MAbs (3). These find-
ings suggest therefore that V2 loop deletion exposes an enve-
lope region whose structure is partially shared among PR and
LA isolates.

Of more interest are the observations made with the use of
polyclonal anti-HIV sera. Partial deletion of the V2, but not
the V1, loop increases up to 170-fold the virus susceptibility to
neutralization by polyclonal sera collected from patients in-
fected with clade B viruses (Table 2). More importantly, while
SF162 is resistant to neutralization by sera collected from pa-
tients infected with non-clade B isolates, SF162DV2 is highly
susceptible to neutralization irrespective of the clade of the
sera tested (Table 3). Several possibilities could account for
this switch in the viral phenotype. We show here that this switch
is not due to an increased susceptibility of the SF162DV2 vi-
rus to antibody-mediated gp120-virion dissociation (Table 4).
It could be argued that SF162DV2 is more susceptible to neu-
tralization because it replicates more slowly in susceptible cells,
especially macrophages (Fig. 2). However, our assays were
performed in PBMC, where the replication rates of the mutant
viruses are comparable to that of wt SF162 (Fig. 2A). Further-
more if replication competence of the virus is the underlying
basis for the difference in neutralization susceptibility, we
would expect the SF162DV1 isolate to be also more susceptible
to neutralization than SF162. This is clearly not the case (Ta-
bles 1 to 3). The simplest explanation for this enhanced sus-
ceptibility in neutralization of SF162DV2 is that the V2 loop
deletion exposes a region, rich in neutralization epitopes,
whose overall structure is conserved among PR isolates regard-
less of the clade they are clustered in. The V2 loop is exposed
on the surface of both PR and LA isolates (25, 30, 31, 36).
Although it appears to be a target for neutralization on LA
isolates (11), we previously demonstrated (39), and confirmed
here (Table 1), that binding of certain anti-V2 loop MAbs on
the surface of SF162 does not block its infectivity. This obser-
vation implies that the V2 loop plays a crucial role as a shield,
protecting the virus from neutralizing antibodies, while itself
not being a target for antibody-mediated neutralization on PR
isolates. Furthermore, the region of the envelope shielded by
the V2 loop appears to be highly immunogenic, since all sera
tested so far contained antibodies directed against it (Tables
2 and 3). Last, the finding that the degree to which the sera
neutralized SF162DV2 was independent of the time of their
collection during the AIDS epidemic suggests that the overall
structure of the exposed region remains unaltered over time,
which is indicative of protection from immune selection. Taken
together, our observations underline the importance of this en-
velope region in the HIV life cycle, implicating it as a desirable
target for envelope-based anti-HIV immunization methodolo-
gies.

If the exposed epitopes are highly conserved among PR
isolates, how then would one explain the fact that some sera
(like GSO, GJ, LSS, and LS BO) are so potent in neutralizing

SF162DV2 and not SF162? One possible explanation is that
antibody access to the region containing neutralization epi-
topes on the surface of wt SF162 virions is very efficiently
blocked by the V2 loop. Therefore, even if high titers of anti-
bodies directed against this region are present in these sera,
the virus manages to evade neutralization. However, upon V2
loop deletion and exposure of this region, antibodies are ca-
pable of binding and neutralizing HIV infection very efficient-
ly. Alternatively, in addition to exposing cryptic neutralization
epitopes, deletion of the V2 loop modulates the envelope struc-
ture in such a way that fewer enhancing epitopes are exposed on
the HIV envelope. The presence of enhancing antibodies in
the sera of HIV-infected individuals is well documented (14,
16, 17, 19, 29). Enhancing antibodies bind to several regions of
the viral envelope, including the V3 loop, the CD4-binding site,
and the gp41 subunit (18, 28, 33, 39, 41). Understanding the
precise mechanism(s) responsible for the observed increase in
antibody-mediated susceptibility of HIV upon V2 loop dele-
tion is important, since it will provide valuable information
regarding the biology of HIV and help in the development of
envelope-based immunogens.

What is the nature of this putative highly conserved neutral-
ization region? The finding that SF162DV2 is still susceptible
to neutralization by MAb IgG1b12, whose epitope comprises
elements of the CD4-binding site and the V2 loop (21, 27), and
is now susceptible to neutralization by MAbs 17b and 48d,
whose epitopes become exposed upon receptor binding, and by
the anti-CD4 binding site MAb 654-30D indicates that the
epitopes recognized by these MAbs could be part of a much
larger region which becomes exposed upon V2 loop deletion.
Although the precise nature of this region is unknown, we
propose, based on data presented in Table 1, that it comprises
elements of the CD4-binding site and conserved gp120 se-
quences.

In summary, our studies indicate that major deletions within
the first and second hypervariable regions of gp120 from mac-
rophagetropic PR HIV-1 isolates will not abrogate the poten-
tial of these viruses to replicate into PBMC and macrophages.
Deletion of the V2 loop, but not of the V1 loop, exposes highly
conserved neutralization epitopes located within the core of
the envelope protein and results in a dramatic increase in the
susceptibility of the virus to neutralization by antibodies pres-
ent in sera collected from patients infected with pan-clade HIV
isolates. The envelope of SF162DV2 could be used as an im-
munogen to generate antibodies against the exposed region.
We believe that such antibodies would have a more potent
cross-clade neutralizing potential than antibodies generated
against the envelope of SF162.
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